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SPECIFICATION 

io [TITLE OF THE INVENTION] 

Method for producing polycrystallized semiconductor thin film 

[ABSTRACT] 

[Object] The present invention improves transistor properties such as mobility and 
an ON and OFF ratio by providing crystallinity of high performance by annealing 
15 said polycrystallized semiconductor thin film formed of large particle size crystals by 
irradiating an excimer laser beam thereon. 

[Composition] In a first step, a polycrystallized semiconductor layer 14 is 
generated by growing an amorphous semiconductor layer 13 formed on the upper 
surface of a substrate in a solid phase at a low temperature, then in a second step, a 

20 polycrystallized semiconductor thin film 15 is formed by making said polycrystallized 
semiconductor layer 14 thin by removing the upper layer side of said 
polycrystallized semiconductor layer 14. Thereafter in a third step, the 
polycrystallized semiconductor thin film 15 is annealed by irradiating an excimer 
laser beam 30 thereon. 

25 [WHAT IS CLAIMED IS:] 

[Claim 1] A method for producing a polycrystallized semiconductor thin film, 
comprising: 

a first step of generating a polycrystallized semiconductor layer by growing an 
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amorphous semiconductor layer formed on the upper surface of a substrate in a 
solid phase at a low temperature, and 

a second step of forming a polycrystallized semiconductor thin film by making 
said polycrystallized semiconductor thin layer thin by removing the upper layer side 
5 of said polycrystallized semiconductor layer, and 

a third step of annealing said polycrystallized semiconductor thin film layer by 
irradiating an excimer laser beam thereon. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

io [Technical Field of the Invention] The present invention relates to a method for 
producing a polycrystallized semiconductor thin film 
[0002] 

[Prior Arts] Recently, growing amorphous silicon in a solid at a low temperature 
is performed extremely widely. Growing in a solid at low temperature allows to make 

15 crystals large in particle size. However, minute crystal defects such as twin crystals 
and inversions exist inside silicon particles of a large particle size (particle size of 1 
\i m or more) and thus require annealing at a high temperature. Especially in 
methods whereby annealing is performed in a very short time at a high temperature 
there is a method whereby annealing is performed without Rising over the entire film 

20 by means of excimer laser irradiation. This annealing method provides an excellent 
flatness after being performed and is also suitable to a process for lowering 
temperature, and therefore, is effective as an annealing method in methods for 
producing SRAM and LCD. 
[0003] 

25 [Themes to be Solved by the Invention] However, an excimer laser beam has a 
short wavelength and large absorption coefficient ( a ) of approximately 10 6 cm _1 for 
silicon. Therefore, the excimer laser beam is allowed to reach only a depth on the 
order of lOnm in a silicon film and thus the depth being annealed by means of the 
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excimer laser beam irradiation becomes on the order of 40nrn when considering heat 
conductivity. Incidentally, in the case of a polycrystallized silicon film having a 
thickness on the order of 40nm or less, crystal particles of a sufficient size are not 
allowed to be obtained. And in the case of forming a thick polycrystallized silicon 

5 film (for example, lOOnm in thickness), wherein a large crystal particle (for example, 
1 fi m or more in particle size) is obtainable and annealing this thick 
polycrystallized silicon film by means of excimer laser beam irradiation, the thick 
polycrystallized silicon film is annealed to only a depth of approximately 40nm. 
Therefore, it was difficult to form a polycrystallized silicon film having large crystal 

10 particles with excellent crystallinity throughout the entire area in the film thickness 
direction. 

[0004] The object of the present invention is to provide a method for producing 

a polycrystallized thin film with excellent crystallinity. 

[0005] 

is [Means for Solving Themes] The present invention provides a method for 

producing a polycrystallized thin film in order to achieve the abovementioned object. 
That is, in a first step, a polycrystallized semiconductor layer is generated by 
growing an amorphous semiconductor layer formed on the upper surface of a 
substrate in a solid phase at a low temperature, then in a second step, a 

20 polycrystallized semiconductor thin film is formed by making said polycrystallized 
semiconductor layer thin by removing the upper layer side of said polycrystallized 
semiconductor layer. Thereafter in a third step, the polycrystallized semiconductor 
thin film is annealed by irradiating an excimer laser beam thereon. 
[0006] 

25 [Action] According to the method for producing a polycrystallized semiconductor 
thin film, the polycrystallized semiconductor layer is formed by growing the 
amorphous semiconductor layer in a solid phase at a low temperature and thus 
allows for forming the polycrystallized semiconductor thin film of crystals in a large 
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particle size. Furthermore, the poly crystallized semiconductor thin film is formed by 
making the polycrystallized semiconductor layer thin, and thereafter, irradiated by 
the excimer laser beam, thereby allowing for a uniform annealing throughout the 
entire area in the film thickness direction of the polycrystallized semiconductor thin 
5 film. 
[0007] 

[Embodiment] The embodiments of the present invention are to be explained below 
with reference to the drawings of the steps of production shown in Fig.l. As shown 
in the figure, first in a first step (l), for example, by a chemical vapor phase growing 

10 method, a silicon dioxide (SiO z ) layer 12 is formed on the upper surface of a 
substrate (for example, a silicon substrate) 11. Subsequently, for example, by a 
chemical vapor phase growing method, on the upper surface of the silicon dioxide 
layer 12, an amorphous semiconductor layer 13 consisting of amorphous silicon is 
formed into a film having a thickness of 40nm or more (for example, 150nm in 

15 thickness). Next, in a first step (2), by growing in a solid phase at a low temperature 
(for example, for 20 hours at approximately 600 °C), crystal particles are grown in 
the amorphous semiconductor layer 13, whereby a polycrystallized semiconductor 
layer 14 consisting of polycrystallized silicon of 2 fi m or more in particle size is 
formed. 

20 [0008] Furthermore, in the first step (1), forming a polycrystallized silicon layer 
on the upper surface of the substrate 11 by a chemical vapor phase growing method, 
and then making the polycrystallized semiconductor layer amorphous by 
ion-injecting the polycrystallized semiconductor layer formed with silicon (Si + ), 
whereby an amorphous semiconductor layer 13 may be formed. Otherwise, by 

25 forming the substrate 1 1 with crystal glass instead of forming the silicon dioxide 
layer 12 on the upper surface of the substrate 11, whereby on the substrate 11, 
similar to the above, forming the amorphous semiconductor layer 13 which consists 
of amorphous silicon into a film by the chemical vapor phase growing method is also 
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possible. 

[0009] Then, in a second step, etching is carried out on the upper layer side of a 
polycrystallized semiconductor layer 14, whereby a polycrystallized semiconductor 
thin film 15 consisting of the polycrystallized semiconductor layer 14 is formed 

5 therein, for example, 40nm or less in thickness so as to be annealed throughout the 
entire area in the film thickness direction of the polycrystallized semiconductor thin 
film 15 by irradiating an excimer laser beam 30 thereon. And the etching is 
performed by, for example, normal plasma etching or wet etching using a mixed 
solvent of ammonium (NH 3 ) and a hydrogen peroxide solution (H 2 0 2 +H 2 0) causing a 

io slight amount of etching damage so that the etched surface of the polycrystallized 
semiconductor thin film 15 does not roughen. 

[0010] Thereafter in a third step, irradiating of the excimer laser beam 30 (for 
example, approximately 280mJ/cm 2 in energy density) on the entire face of the 
polycrystallized semiconductor thin film layer 15 is carried out, whereby the 
15 polycrystallized semiconductor thin film 15 is annealed. This annealing allows for 
reduction in crystal defects such as twin crystal and inversion in the polycrystallized 
semiconductor thin film 15 and improves the crystallinity of the polycrystallized 
semiconductor thin film 15. 

[0011] The polycrystallized semiconductor thin film 15 formed as described in 
20 the above embodiment has a single large crystal particle (for example, 2 n m or 
more in particle size) and provides improved crystallinity of the crystal particles. In 
a case wherein a thin film transistor (not illustrated) is formed on a single crystal 
particle such as in the polycrystallized semiconductor thin film 15 or in a case 
wherein a thin film transistor (not illustrated) is formed over plural crystal particles, 
25 a transistor having properties such as small leakage current, high mobility, low 
swing, and a large ON and OFF ratio is provided. Moreover, the surface of the 
polycrystallized semiconductor thin film 15 is almost flat and also hardly roughens 
through annealing by means of the excimer laser beam irradiation, whereby 
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subsequent processing is readily performed. 
[0012] 

[Effects of the Invention] As described above, according to the present invention, 
the polycrystallized semiconductor layer is formed by growing an amorphous layer 

5 on the substrate in a solid phase at a low temperature and thus allowing for 
generating the polycrystallized semiconductor thin film of a large particle size. 
Furthermore, the polycrystallized semiconductor thin film is formed by making the 
polycrystallized semiconductor layer thin, thereafter, being irradiated by the 
excimer laser beam, thereby allowing for uniform annealing throughout the entire 

10 area in the film thickness direction of the polycrystallized semiconductor thin film. 
Therefore, the particle size of a crystal forming the polycrystallized semiconductor 
thin film becomes large and, moreover, crystal defects in each crystal particle are 
reduced, thereby allowing for improvement in transistor properties. 
[Brief Description of The Drawings] 

15 [Fig. 1] Drawings of the steps of production of the embodiment 
[Description of the Symbols] 
11 Substrate 

13 Amorphous semiconductor layer 

14 Polycrystallized semiconductor layer 

20 15 Polycrystallized semiconductor thin film 
30 Excimer laser beam 
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[Fig. 1] 

13 Amorphous semiconductor layer 
11 Substrate 
First step (1) 
5 14 Poly crystallized semiconductor layer (13) 
[Growth in a solid phase at a low temperature] 
First step (2) 

15 Polycrystallized semiconductor thin film (14) 
Second step 
10 30 Excirner laser beam 
Third step 

Drawings of the steps of production 
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